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(57) Abstract: A method of detecting the presence or absence of variant nucleotides within target nucleic acid sequences, said 
2 method comprising the use of at least one pair of target-specific amplification primers capable of hybridizing to target nucleic acid 
sequences, and the use of at least one set of diagnostic primers, each set consisting of at least two types of diagnostic primers capable 
^ of hybridizing to corresponding target nucleic acid sequences 3'-relative to said amplification primers, such that each set of diag- 
nostic primers is semi -nested relative to the corresponding pair of amplification primers. Additionally, the use of said method for 
genotyping, for diagnostic screening, for assaying the cytosine methylation status and for quantification of nucleic acids is disclosed. 
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Specific Multiplex Analysis of Nucleic Acids 



The present invention provides a novel type of amplification and detection method that 
allows homogeneous multiplex analysis of nucleic acid sequences and the detection of 
single nucleotide polymorphisms and nucleotide sequence changes such as point- 
mutations, variant alleles, deletions, insertions, repeats and/or inversions. Additionally, 
the method of the present invention enables assaying the cytosine methylation status. 
Moreover, the present invention may be useful for the quantification of nucleic acids 
and for genotyping. 

Homogeneous assays for the detection of nucleic acid sequences, especially for the 
detection of single-nucleotide polymorphisms (SNPs), are an important tool for 
genetic analysis and have been developed into commercial products particularly for 
clinical diagnostics. SNPs are evolutionary stable point mutations scattered throughout 
the human genome at every 500 to 1000 DNA bases and, therefore, represent the most 
common genetic variation in human populations (Cooper et al., Hum Genet 1985, 
69:201-205; Collins et al., Genome Res 1998, 8:1229-1231). The genome of any two. 
non-related individuals is estimated to differ in at least three million nucleotide 
positions, of which approximately 500,000 are located in coding regions. The 
availability of the draft sequence of the complete human genome (Lander et al., Nature 
2001, 409:860-921; Venter et al., Science 2001, 291:1304-1351) now provides the 
basis for the generation of a whole-genome SNP map, a powerful tool for genetic 
analysis which will uncover the association of SNPs with many disease traits, and 
holds great promise for the optimization of new drug development and the 
individualization of clinical diagnostics and therapeutics (Bentley, Med Res Rev 2000, 
20:189-196; Pfost et al., Trends Biotechnol 2000, 18:334-338; Schork et al., Clin 
Genet 2000, 58:250-264). Future developments will focus on identifying and/or 
screening SNPs relevant to certain disease areas (e.g. cancer, neurodegenerative or 
cardiovascular disease) in large patient collectives and on performing whole-genome 
scans of SNPs in individuals. Methods fufilling the requirements of these diverse 
developments must allow flexible and rapid assays, medium- to high-throughput and 
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high-quality genotyping for SNPs of interest. Currently applied methods for the 
analysis of nucleic acid sequences, especially the analysis of SNPs, include restriction 
fragment-length polymorphism analysis of polymerase chain reaction products (RFLP- 
PCR), hybridization with allele-specific oligonucleotides (Nickerson et al., Proc Natl 
Acad Sci USA 1990, 87:8923-8927; Saiki et al, Proc Natl Acad Sci USA 1989, 
86:6230-6234; de Verlaan et al., Gene 1986, 50:313-320; Wallace et al., Nucleic Acids 
Res 1981, 9:879-894; Zhang et al., Nucleic Acids Res 1991, 19:3929-3933), allele- 
specific PCR (Gibbs et al., Nucleic Acids Res 1989, 17:2437-2448; Newton et al., 
Nucleic Acids Res 1989, 17:2503-2516), oligonucleotide ligation assay (Grossman et 
al., Nucleic Acids Res 1994, 22:4527-4534; Landegren et al., Science 1988, 241:1077- 
1080), allele-specific ligase chain reaction (Abravaya et al., Nucleic Acids Res 1995, 
23:675-682; Barany, Proc Natl Acad Sci USA 1991, 88:189-193; Wu und Wallace, 
Genomics 1989,4:560-569), high-density chip arrays for allele-specific hybridization 
analysis (Wang et al., Science 1998, 280:1077-1082; Yershov et al., Proc Natl Acad 
Sci USA 1996, 93:4913-4918), the 5'-nuclease assay (Holland et al., Proc Natl Acad 
Sci USA 1991, 88:7276-7280; Lee et al., Biotechniques 1999, 27:342-349; Livak, 
Genet Anal 1999, 14:143-149; Livak et al., PCR Methods Appl 1995, 4:357-362), the 
template-directed dye-terminator incorporation assay (Chen and Kwok, Nucleic Acids 
Res 1997, 25:347-353; Chen et al., Genome Res 1999, 9:492-498 and Proc Natl. Acad 
Sci USA 1997, 94:10756-10761), the molecular beacon allele-specific oligonucleotide 
assay (Marras et al., Genet Anal 1999, 14:151-156; Tyagi and Kramer, Nat Biotechnol 
1996, 14:303-308), the allele-specific fluorescence energy transfer (LightCycler) assay 
(Bernard et al., Anal Biochem 1998, 255:101-107; Lay and Wittwer, Clin Chem 1997, 
43:2262-2267), the structure-specific invasive endbnuclease cleavage assay 
(Lyamichev et al., Nat Biotechnol 1999, 17:292-296), and the pyrosequencing assay 
(Ahmadian et al., Anal Biochem 2000, 280:103-110, Alderbom et al., Genome Res 
2000, 10:1249-1258). 

Most of the methods currently employ macroscopic fluorescence techniques, 
encompassing conventional fluorescence intensity, fluorescence polarization, energy 
transfer, or fluorescence quenching, which monitor the average fluorescence output 
from the ensemble of emitting fluorophores. In contrast, the single-molecule detection 
technology fluorescence correlation spectroscopy (FCS) (Eigen and Rigler, Proc Natl 



WO 03/066897 PCT/EP03/01276 

3 

Acad Sci USA 1994, 91:5740-5747; Elson and Magde, Biopolymers 1974, 13:1-27, 
Magde et al., Phys Rev Lett 1972, 29:705-708 and Biopolymers 1974, 13:29-61) 
statistically samples the fluorescence fluctuations of single molecules in discrete time 
intervals with a temporal resolution down to nanoseconds and below. Many such 
detection events are then averaged to define the properties of the whole assay system. 
Analysis of single molecular events is accomplished using confocal optics with an 
illumination/observation volume of approximately 0.24 fl (10" 15 liter) and has several 
advantages over conventional macroscopic fluorescence methods. For example, 
problems derived from probe adsorption, autofluorescence of reaction components or 
of reaction vessels, as well as inner filter effects are virtually ehminated. This results 
in a high signal-to-noise ratio and maximum sensitivity which is essentially 
independent of the assay volume and allows ultimate assay miniaturization down to 1 
ul or below, an essential prerequisite of high-throughput analysis. Autocorrelation of 
fluorescence fluctuations provides multiple fluoresence parameters including the 
average numbers and translational diffusion times of fluorescent molecules in the 
confocal illumination/observation volume. FCS has been successfully applied to 
monitor molecular interactions as diverse as drug/target-interactions (Auer et al., Drug 
Discovery Today 1998, 3:457-465; Sterrer and Henco, JRecept Signal Transduct Res 
1997, 17:511-520), enzymatic and binding studies (Kettling et al., Proc Natl Acad Sci 
USA 1998, 95:1416-1420; Meyer-Almes and Auer, Biochemistry 2000, 39:13261- 
13268) as well as protein aggregation studies (Pitschke et al., Nat Med 1998, 4:832- 
834, Tjernberg et al., Chem Biol 1999, 6:53-62). In addition, FCS has been shown to 
be well-suited for qualitative and quantitative nucleic acid analysis (Bjorling et al., 
Biochemistry 1998, 37:12971-12978; Kinjo, BioTechniques 1998, 25:705-6; Kinjo et 
al., Anal Biochem 1998, 260:166-172; Kinjo and Rigler, Nucleic Acids Res 1995, 
23:1795-1799; Rigler et al., J Biotechnol 1998, 63:97-109; Walter et al., Proc Natl 
Acad Sci USA 1996, 93:12805-12810; Weiner et al., Digestion 2000, 61:84-89) and for 
indirect detection of point mutations in genes (Kinjo and Nishimura, Bioimaging 1997, 
5:134-138). , 
European Patent No. 332435 ("Method of detecting nucleotide sequences") of Zeneca 
Ltd., London, and Newton et al. (Nucleic Acid Res 1989, 17:2503-16) describe a 
method for detecting the presence or absence of at least one nucleotide sequence 
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variation. This method is known as ARMS (amplification refractory mutation system). 
The basis of the invention as described in European Patent No. 332435 is that 
oligonucleotides with a mismatched 3 '-residue will not function as primers in a PCR 
reaction under appropriate conditions. The method comprises (i) contacting a nucleic 
acid sample with a diagnostic primer which is substantially complementary to a 
diagnostic portion of a target nucleic acid sequence, whereby extension of the 
diagnostic primer on a target template under appropriate conditions is only achieved 
where a terminal nucleotide of the diagnostic primer is complementary to either a 
suspected variant nucleotide or a corresponding normal nucleotide of the target nucleic 
acid sequence, and (ii) detecting the presence or absence of an extension product. 
According to the invention described in European Patent No. 332435, a preferred 
method of detecting and distinguishing between multiple amplification products 
generated by the method comprises selecting the position of the amplification primers 
on the target nucleic acid sequence such that the length of each amplification product 
is different. Accordingly, this may be accomplished by varying the distance of the 
amplification primers from the position of the labeling primers such that each variant 
nucleotide is associated with an amplification product of different length. The 
amplification products of different length may then be detected by established 
electrophoretic techniques. The above described detection technique, however, has the 
disadvantage of being time-consuming and non-homogeneous, entailing several 
manual worksteps. Additionally, the technique may only be used for simultaneous 
screening of a sample of target nucleic acid sequences for either the presence or 
absence of variant nucleotides in multiple but different positions on said target nucleic 
acid sequences, whereas a simultaneous analysis of multiple variant nucleotides 
situated in a defined single position is not feasible. Furthermore, the invention 
described in European Patent No. 332435 does not allow for the quantification of 
target nucleic acid sequences. 

Several improved PCR strategies for simultaneously identifying both alleles of a 
biallelic system have been described (Boldt et al., Brit J Haemat 1997, 99:968-973; 
Hamajima et al., Jpn J Cancer Res 2000, 91:865-868). For example, Boldt et al. ( Brit 
J Haemat 1997, 99:968-973) describe a method based on ARMS, employing four 
primers and a two-annealing temperature cycling profile to simultaneously genotype 
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both alleles of HPA-1 in a single PCR reaction. This method is capable of 
simultaneous amplification of both HPA-1 alleles (if present), but several drawbacks 
remain. First, the allele-specific primers have to be positioned at opposite template 
strands to enable generation and monitoring of two allele-specific PGR products. In 
addition, the polymorphism has to be off-center relative to the upstream and 
downstream external primers such that said generated allele-specific PCR products are 
of significantly different length in order to be accessible for the analysis by agarose gel 
electrophoresis, which is still required for monitoring of the PCR products. Thus, the 
method of Boldt et al. has the disadvantage of being time-consuming and non- 
homogeneous, entailing several manual worksteps. Additionally, the technique may 
only be used for simultaneous screening of a sample of target nucleic acid sequences 
for either the presence or absence of variant nucleotides in multiple but different 
positions on said target nucleic acid sequences, whereas a simultaneous analysis of 
multiple variant nucleotides situated in a defined single position is not feasible. 
Furthermore, the method does not allow for the quantification of target nucleic acid 
sequences. Further disadvantages of the method of Boldt et al. are the requirements for 
large amounts of genomic DNA (250 ng per reaction) and a two-step temperature 
profile. 

The present invention features a homogeneous, sensitive, simple, and labor-saving 
technology for the multiplex analysis of nucleic acid sequences. The novel method is 
particularly useful for the direct detection of known SNPs, point-mutations, variant 
alleles, deletions, insertions, repeats and/or inversions. Additionally, the method of the 
present invention enables assaying the cytosine methylation status in chemically 
pretreated genomic DNA. The current invention features a method which utilizes the 
high specificities of semi-nested polymerase chain reaction (Haff, PCR Methods Appl 
1994, 3:332-337) with an improved method of variant nucleotide-specific 
amplification. The improved variant nucleotide-specific amplification method is 
characterized by (1) the use of at least one, more preferably the use of at least two 
substantially similar but distinguishable diagnostic primers for the analysis of a target 
nucleic acid sequence, (2) by the combination of allele-specific hybridization and 
simultaneous extension of said diagnostic primers in a single reaction and (3) by the 
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discrimination of non-extended from extended diagnostic primers. The inventive 
method offers the advantage over other systems in that it enables amplification, 
labeling, and monitoring in a homogeneous format. According to the present 
invention, multiple reaction products can be monitored, analyzed and quantified 
directly and simultaneously in a mix-and-measure format, without any post- 
amplification processing or physical separation steps. The technique of fluorescence 
correlation spectroscopy (FCS) is particularly well suited for such monitoring. 

The present invention provides a method for detecting the presence or absence of 
variant nucleotides within target nucleic acid sequences, said method comprising the 
following steps: 

(i) setting up a reaction mix comprising nucleoside triphpsphates or functional 
derivatives thereof, a polymerizing agent, at least one pair of target-specific 
amplification primers capable of hybridizing to target nucleic acid sequences, at 
. least one set of diagnostic primers, each set consisting of at least two types of 
diagnostic primers capable of variable allele-specific hybridizing to 
corresponding target nucleic acid sequences 3 '-relative to said amplification 
primers, such that each set of diagnostic primers is semi-nested relative to the 
corresponding pair of amplification primers, the at least two types of diagnostic 
primers of a set of diagnostic primers being characterized by having 
substantially similar nucleotide sequences except for at least one internally 
located nucleotide, which is different for each type of diagnostic primer and 
complementary to the variant nucleotide, whereby an extended diagnostic 
primer is being synthesized if said internally located nucleotide of the 
diagnostic primer is complementary to the corresponding nucleotide in the 
target nucleic acid sequence, and whereby substantially no or a negligible 
background of extended diagnostic primer is being synthesized when said 
internally located nucleotide is not complementary to the corresponding 
nucleotide in the target nucleic acid sequence, and each type of diagnostic 
primer further being characterized by carrying a different and distinguishable 
tag. The reaction mix further comprises at least one sample of target nucleic 
acid sequences. 
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(ii) performing an amplification reaction under conditions permitting hybridization 
of the amplification primers and variable allele-specific hybridization of the 
diagnostic primers, either together or sequentially, to the corresponding target 
nucleic acid sequences, and promoting polymerization; and 

(iii) monitoring specific properties of said types of diagnostic primers, directly or 
indirectly, during or after completion of the amplification reaction, said specific 
properties being indicative for an extension or non-extension of the diagnostic 
primers, thereby detecting the presence or absence of a variant nucleotide 
contained within a target nucleic acid sequence. 

According to the featured method, it should be appreciated that an extension product 
of the diagnostic primer is synthesized when the internally located nucleotide of the 
diagnostic primer is complementary to the corresponding nucleotide of the target 
nucleic acid sequence. It should be further noted that the term "semi-nested", when 
referring to the diagnostic primer, means that each type of diagnostic primer anneals or 
hybridizes within the region of the target nucleic acid sequence that is framed and 
amplified by the pair of amplification primers. Each pair of said amplification primers 
consists of an upstream and corresponding downstream amplification primer, framing 
the region to be analyzed on the target nucleic acid sequence (see Figure 1 for 
illustration). The term "target nucleic acid sequence" as used herein is referring to a 
particular nucleic acid sequence of interest which is suspected of containing, or known 
to contain a variant nucleotide. The term 4 Variant nucleotide" as used herein is defined 
as being a nucleotide contained within a target nucleic acid sequence at a defined 
position which is suspected of being, or known to be, variant. This means that a variant 
nucleotide may comprise either of four possible nucleotides (adenosine, guanosine, 
cytidine, and thymidine) or a modified nucleotide. In* the practice of the invention, for 
example, a variant nucleotide may comprise a point mutation, deletion, insertion, 
inversion, a single nucleotide polymorphism (SNP) or a methylated nucleotide. 
Different alleles of a gene may be defined by the presence or absence of a variant 
nucleotide. It should further be- appreciated that a sample of target nucleic acid 
sequences may contain a mixed population of target nucleic acid molecules, 
representing at least two different nucleic acid sequences, said target nucleic acid 
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sequences differing at least in their nucleotide composition at the position defined by 
the corresponding complementary internally located nucleotide of the diagnostic 
primer. Consequently, the reaction mix may contain a mixture of at least two types of 
extended and amplified diagnostic primers, said multiple amplified types of diagnostic 
primers being distinguishable by virtue of their different tags. In practice, 
polymorphisms wherein more than two of the four possible nucleotides may be present 
at a given single-base location, are amenable to qualitative and quantitative analysis by 
the described method. The reaction mix also comprises nucleoside triphosphates or 
functional derivatives thereof. As used herein, nucleoside triphosphates or functional 
derivatives thereof are capable of being incorporated into an extension or amplification 
product. Functional derivatives of nucleoside triphosphates comprise, for instance, 
synthetic nucleotides having modified base moieties and/or modified sugar moieties. 
Principally, the method according to the invention can also be carried out by setting up 
a reaction mix comprising only one type of diagnostic primer (see Figure 8). 

In a preferred embodiment, the present invention provides a method as hereinbefore 
described, wherein the concentration of each diagnostic primer is 0.5 to 0.001 times, 
preferably 0.25 to 0.01 times, most preferably 0.1 to 0.03 times the concentration of 
each amplification primer. The herein described method preferably employs at least 
one pair of target nucleic acid sequence-specific amplification primers at high 
concentrations (e.g. 75 to 500 nM) and at least two types of semi-nested, variant 
nucleotide-specific diagnostic primers at significantly lower concentrations (e.g. 1 to 
50 nM) in a single amplification reaction, e.g. PCR. During the reaction, the target 
region containing the variable nucleotide of interest is amplified independently of the 
variant nucleotide sequence by the use of the amplification primers, whereas the 
nested diagnostic primers are hybridized and extended depending on the variant 
nucleic acid sequence. If the nucleic acid sequence of the diagnostic primer is 
complementary to the respective variant nucleic acid sequence to be analyzed, there 
will be a specific hybridization and subsequent efficient extension of said diagnostic 
primer by the polymerizing agent. To the contrary, if the internally located variant 
nucleotide of adiagnostic primer is not complementary to the respective nucleotide in 
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the target nucleic acid sequence, proper hybridization and subsequent specific 
extension is impaired. 

Several prior art methods which employ allele-specific hybridization principles to 
detect single nucleotide polymorphisms envisage significant unspecific, i.e., false- 
positive hybridization. The main reason for this unspecificity is. that the discriminating 
principle of a hybridization probe, as commonly used, depends solely on hybridization 
thermodynamics. A single base pair mismatch within a region of 20 or more perfectly 
matched base pairs has significant influence on the hybridization kinetics only under 
restricted experimental conditions, i.e., temperature, salt and probe concentration. In 
general, low temperature, high salt concentration and high probe concentration 
increase hybridization efficiency but at the same time reduce the discrimination 
potential and favour false hybridization. Consequently, such a mismatched but still 
hybridized probe leads to false-positive hybridization signals. 

The inventive method described here solves these drawbacks in the following way: 
The discriminating principle of the diagnostic primers of the present invention depends 
not solely on hybridization thermodynamics, but also on the differential extension 
efficiency of perfectly matched or mismatched primers by a polymerizing agent. This 
leads to the situation that mismatched and thereby weakly annealed diagnostic primers 
give no false-positive signal because they are not extended efficiently. In addition, the 
inventive method described here uses said variant nucleotide specific diagnostic 
primers at very low concentrations (down to 1 nM), which strongly favor 
discriminative hybridization and subsequent allele-specific extension. 
Nevertheless, in the case of high DNA concentrations in the amplification reaction an 
unspecific amplification may occur. In order to further minimize such unspecific 
extension, 

(1) the semi-nested diagnostic primers are present in significantly lower concentrations 
than the pair of amplification primers, 

(2) the nucleotide sequences of the amplification primers and the semi-nested 
diagnostic primers can be selected in such a way that the amplification primers 
predictively hybridize to the template nucleic acid at significantly higher annealing 
. temperatures than the semi-nested diagnostic primers, 



WO 03/066897 PCT7EP03/01276 

10 

(3) the thermal cycling profile for amplification can involve two segments of thermal 
cycles, the first segment of thermal cycles comprising a so-called touch-down step, 
said touch-down step being defined as a series of denaturation/annealing/elongation 
steps wherein the annealing temperature in each step, is between 0.1°C and 2.5°C, 
more preferably between 0.2°C and 1°C lower than in the proceeding step, and the 
second segment of thermal cycles comprising a series of denaturation, annealing, and 
elongation steps wherein the annealing temperature in each step is kept constant at a 
temperature which may be identical to or below the annealing temperature of the last 
annealing step of the first segment of thermal cycles. 

Optionally, the first segment of thermal cycles comprising the touch-down step can be 
refined by a combined touch-down/ time-up step. Said combined touch-down/ time-up 
step is defined as a series of . denaturation, annealing, and elongation steps wherein (a) 
the annealing temperature in each step is between 0.1 °C and 2.5°C, more preferably 
between 0.2°C and 1°C lower than in the proceeding step and (b) at the same time, the 
annealing time in each step is between 0.1 sec and 5 sec, more preferably between 0.5 
sec and 2 sec longer than in the proceeding step. 

Due to their high concentration, the amplification primers dominate the first segment 
of thermal cycles, whereas the diagnostic primers, due to their low concentration and, 
optionally, to their lower annealing temperature, are extended predominantly during 
the second segment of thermal cycles in later PCR stages, thereby constituting a 
temporally and spatially semi-nested primer system. This feature has the advantage of 
leading to high signal-to-noise ratios, very high specificity and elimination of false- 
positive results. 

In another preferred embodiment of the present invention, each diagnostic primer 
contains at least one of the following tags: fluorescent dyes, chemiluminescent tags, 
electroluminescent tags, magnetic tags, affinity or binding tags, nucleotide sequence 
tags, position specific tags, or tags with specific physical properties such as different 
size, mass, gyration, ionic strength, dielectric properties, 'polarization, or impedance. 

In a further preferred embodiment of the present invention, the diagnostic primers 
contain fluorescent dyes, and each type of diagnostic primer is tagged with a different 
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fluorescent dye, such that each type of diagnostic primer is characterized by different 
excitation- and/or emission spectra, life-time properties, polarization properties, 
fluorescence resonance enery transfer (FRET) properties, quantum yields, 
photostability, or triplet number of fluorochromes, or different electro-osmotic or 
electrophoretic properties. It may be preferred to use a variety of different labels in 
combination, such that they encode and, represent multiplex complexity (e.g. dye 
combinations as used in bar-coding of beads). 

In another preferred embodiment of the method of the present invention, said 
tag is permanently or temporarily attached to either the 3 '-end or the 5'-end of the 
diagnostic primer, preferably to the 5 '-end of the diagnostic primer. The methods of 
linking, attaching, or conjugating the tag to the diagnostic primer depend on the type 
of tag and the position of the tag on the diagnostic primer and are commonly known in 
the art. Diagnostic primers and amplification primers are comprised of 
oligonucleotides which can be of any suitable size, preferably in the range of 5-100 or 
5-50 nucleotides, more preferably in the range of 5-40 nucleotides. However, 
depending on the particular complexity of the target sequence, the annealing 
temperature, and other variable factors, the primers may contain more or fewer 
nucleotides. 

In a further preferred embodiment of the present invention, a diagnostic primer 
contains a nucleotide sequence tag, and each type of diagnostic primer is tagged with a 
different and distinguishable nucleotide sequence tag! Such a nucleotide sequence tag 
shall be referred to hereinafter as a M 5*-tail". The nucleotide sequence of such a 5'-tail 
shall be referred to as "5'-tail sequence". The nucleotide sequence tag of a diagnostic 
primer shall be referred to as "5'-tail sequence portion", or simply "5'-tail portion". 
Preferably, said nucleotide sequence tag is permanently, attached to the 5 '-end of a 
diagnostic primer, such that said diagnostic primer becomes a "chimeric diagnostic 
primer". Chimeric diagnostic primers consist of a 3 '-nucleotide sequence portion, 
hereinafter referred to as "diagnostic primer portion", which is complementary to the 
target nucleotide sequence in a variant nucleotide specific manner and of a 5 '-tail 
sequence portion, which is preferably non-complementary to the target nucleic acid 
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sequence and functions as a detectable and distinguishable 5 '-tail in this embodiment. 
The 5 '-tail sequence portion of said chimeric diagnostic primer may be of any suitable 
length, preferably in the range of 5-50 nucleotides, more preferably in the range of 10- 
25 nucleotides. Upon variant nucleotide specific extension of the chimeric diagnostic 
primers and further cycles of amplification, the nucleotide sequences comprising the 
5'-tail portion of said chimeric diagnostic primers as well as the respective 
complementary sequences of said 5-tail portions become an integral part of the 
resulting amplified extension products. 

In a further preferred embodiment using said chimeric diagnostic primers, the presence 
or absence of each type of the different, detectable, and distinguishable 5-tail 
sequence portion, i.e. the- 5-tail, of said chimeric diagnostic primers in or as part of the 
amplified extension products is detected by including in the reaction a corresponding 
type of 5'-tail specific* probe. Said 5'-tail specific probe can be a "5-tail specific 
labeling primer" or a "5-tail specific hybridization probe" or both. 
A 5'-tail specific labeling primer hybridizes to a complementary 5-tail sequence 
portion of a chimeric diagnostic primer and is extended in subsequent elongation or 
amplification reactions, and thus functions as a primer for nucleotide polymerization 
by a polymerizing agent, whereas a 5-tail specific hybridization probe hybridizes to a 
complementary 5-tail sequence portion of a chimeric diagnostic primer but is not 
extended by a polymerizing agent and does not function as a primer. 

Further, said 5-tail specific probe contains at least one of the following tags, i.e. 
labels: fluorescent dyes, chemiluminescent tags, electroluminescent tags, magnetic 
tags, affinity or binding tags, position specific tags, or tags with specific physical 
properties such as different size, mass, gyration, ionic strength, dielectric properties, 
polarization, or impedance, whereby said tag is permanently or temporarily attached to 
the respective 5'-tail specific probe. Preferably, the tag is attached to the 5'-end of said 
5'-tail specific probe. 

In another preferred embodiment, using said chimeric diagnostic primers in 
conjunction with a 5'-tail specific probe, said 5'-tail specific probe contains fluorescent 
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dyes, and each type of 5-tail specific probe is tagged with a different fluorescent dye, 
such that each type of 5'-tail specific probe is characterized by different excitation- 
and/or emission spectra, life-time properties, polarization properties, fluorescence 
resonance enery transfer (FRET) properties, quantum yields, photostability, or triplet 
number of fluorochromes, or different electro-osmotic or electrophoretic properties. It 
may be preferred to use a variety of different labels in combination, such that they 
encode and represent multiplex complexity (e.g. dye combinations as used in bar- 
coding of beads). This embodiment, specifically for the use of 5'-tail specific labeling 
primers as 5-tail specific probes (designated as LI and L2), is schematically illustrated 
. in Figure 7. 

Chimeric diagnostic primers, 5'-tail specific probes, for instance 5'-tail specific 
labeling primers or 5'-tail specific hybridization probes, and amplification primers are 
comprised , of oligonucleotides which can be of any suitable size, preferably in the 
range of 5-100 or 5-50 nucleotides, more preferably in the range of 5-40 nucleotides. 
However, depending on the particular complexity of the target sequence, the annealing 
temperature, and other variable factors, the primers or probes may contain more or 
fewer nucleotides. 



In a more preferred embodiment using said chimeric diagnostic primers in 
conjunction with a 5'-tail specific hybridization probes as a 5'-tail specific probe, the 
reactions are performed in the presence of surface-immobilized oligonucleotide 
sequences which constitute complementary, or substantially complementary, capture 
probes for said 5'-tail specific hybridization probes. By executing the amplification 
reaction in the presence of said chimeric diagnostic primers, 5-tail specific 
hybridization probes and surface-immobilized capture-probes, the 5'-tail sequence 
portion of the chimeric diagnostic primer as part of the amplified extension products 
and said surface-immobilized capture-probes represent competitive hybridization 
targets for said 5-tail specific hybridization probes. Hence, the presence or absence of 
each type of said 5-tail sequence portions of the amplified extension products can be 
detected by monitoring the varying amount of fluorescent hybridization probe 
annealed to the solid surface. Preferably, said 5-tail specific hybridization probe is a 
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labeled hybridization probe, most preferably a fluorescent hybridization probe. 
Preferably, said solid surface is for example the wall of a reaction tube or vessel, a 
slide surface or a bead surface, whereby a reaction tube or vessel, or slide surface may 
be composed of the group of materials including but not limited to glass, polymer or 
silica, or mixtures thereof, whereby a bead surface may be comprised by 
microparticles and/or nanoparticles, and/or mixtures thereof, whereby micro- and/or 
nanoparticles are composed from the group of materials including but not limited to 
glass, silica, polymers, magnetic or paramagnetic materials, or rnixtures thereof, 
whereby the diameter of micro- and/or nanoparticles is between 0.01 and 10 um, more 
preferably between 0.05 and 5 um, even more preferably between 0.3 and 3 um. 

In a preferred embodiment of the present invention, the diagnostic primers, chimeric 
diagnostic primers, 5'-tail specific probes, for instance 5-tail specific labeling primers 
or 5'-tail specific hybridization probes, and amplification primers comprise 
phosphodiester oligonucleotides or modified oligonucleotides such as 
methylphosphonates, phosphotriesters, phosphorothioates, phosphoramidates, PNAs, 
LNAs, non-phosphate internucleoside linkages or mixtures thereof. 

The use in the embodiments of the present invention of chimeric diagnostic primers in 
conjunction with 5'-tail specific probes has the advantage that a given 5 '-tail sequence 
portion of a chimeric diagnostic primer can be combined with any target-specific 
diagnostic portion to create a multitude of chimeric diagnostic primers which all 
contain said given 5 '-tail sequence portion. Such a given 5-tail sequence portion can 
be universally used in applications that employ a multitude of different chimeric 
diagnostic primers. Consequently, a multitude of amplified extension products from 
said multitude of chimeric diagnostic primers contain a universal 5 '-tail sequence 
portion, the presence or absence of which can be monitored by adding a single type of 
universal 5'-tail specific probe, for instance a 5-tail specific labeling primer or a 
universal 5'-tail specific hybridization probe. Likewise, by using two types of different 
and distinguishable universal 5 '-tail sequence portions, two types of multitudes of 
amplified extension products carrying two types of different and distinguishable 
universal 5 '-tail sequence portions can then be monitored by adding two types of 
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different and distinguishable universal 5-tail specific probes, for instance a 5'-tail 
specific labeling primer and/or a universal 5-tail specific hybridization probe. 
It is easily appreciated that the use of said two types of universal 5 '-tails and their 
corresponding universal 5'-tail specific probes, according to the present invention, 
enables the fast and economical development of assays for the high-troughput analysis 
of bi-allelic SNPs because the need for the synthesis of labeled primers and/or probes 
for each individual SNP target, as is the case for many prior art techniques, e.g. 
TaqMan assays or LightCycler assays, is no longer necessary. The synthesis of 
fluorescently labeled primers and/or probes is expensive and time-consuming and 
hence represents a major limitation during assay development of a large number of 
(up to hundred-thousands) SNP assays as required for high-throughput SNP 
genotyping. Synthesis of fluorescently labeled primers and/or probes is a major cost 
driver for SNP genotyping, particularly because in most high throughput SNP 
genotyping programs a plurality of SNP targets (up to many thousands) are analyzed 
for a relatively small number of genomic DNA samples. Besides the high cost and 
time requirements for fluorescent labeling, fluorescent dyes that are permanently 
attached to oligonucleotide primers or probes influence the hybridization properties of 
said oligonucleotide primers or probes. Said potential adverse effects on hybridization 
properties are difficult to predict. Using fluorescently labeled universal 5'-tail specific 
labeling primer and/or 5-tail specific hybridization probes, said adverse effects have to 
be calibrated only once. Likewise, SNPs consisting of more than two alleles or 
multiple bi-allelic SNPs can be addressed by using three or more types of different and 
distinguishable universal 5 '-tail sequence portions in combination with the 
corresponding three or more types of different and distinguishable universal 5-tail 
specific probes. 

In yet another preferred embodiment of the present invention, the amplification 
reaction and subsequent simultaneous monitoring of the specific properties of the 
multiple reaction products is performed in a homogeneous format, i.e. in a single 
reaction tube. It is easily appreciated that this embodiment has the advantage of 
increased sample throughput and potential cost and time savings. 
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In another embodiment of the present invention, the amplification reaction and 
subsequent simultaneous monitoring of the specific properties of the multiple reaction 
products is performed in a non-homogeneous format, said non-homogeneous format 
being characterized by performing said reactions on a solid surface, said solid surface 
being for example the wall of a reaction tube or vessel, a slide surface or a bead 
surface, whereby a reaction tube or vessel or slide surface may be composed of the 
group of materials including but not being limited to glass, polymer or silica, or 
mixtures thereof, whereby a bead surface may be comprised by microparticles and/or 
nanoparticles, and/or mixtures thereof, whereby micro- and/or nanoparticles are 
composed of the group of materials including but not being limited to glass, silica, 
polymers, magnetic or paramagnetic materials, or. mixtures thereof, whereby the 
diameter of micro- and/or nanoparticles is between 0.01 and 10 ^im, more preferably 
between 0.05 and 5 \xm y even more preferably between 0.3 and 3 jam. 

In a preferred embodiment of the non-homogeneous format of the invention, at least 
one primer of the at least one pair of amplification primers is immobilized to a solid 
surface, either permanently or temporarily, preferably at its 5 '-terminus (Figure. 9). 
The immobilization of said at least one primer of the at least one pair of amplification 
primers to said solid surface may be performed by techniques commonly known in the 
art, such as carbodiimide coupling, avidin-biotin coupling, or other means. In another 
preferred embodiment said immobilization of said at least one amplification primer on 
said solid support is preferably performed in a microarray format, said microarray 
format being defined as a one-dimensional, more preferably a two-dimensional 
positional arrangement of spots containing said immobilized primer(s). 
Oligonucleotide microarrays may be fabricated by applying said primers to microchip 
surfaces by different methods described in the art such as pin transfer (Guschin et al., 
Anal Biochem. 1997, 250:203-211), inkjet printing (Blanchard et al., Biosens. 
Bioelectron. 1996, 11:687-690) or by parallel oligonucleotide synthesis directly on a 
support (Fodor et al., Science 1991, 251:767-773; McGall et al., Proc. Natl Acad. Set 
USA 1996, 93:13555-13560) or by copolymerization of oligonucleotides in 
microarrays of polyacrylamide gel pads (Vasiliskov et al., BioTechniques 1999, 
27:592-606). It is easily appreciated that this embodiment allows the parallel analysis 
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of many different nucleic acid variants arid has the advantage of potential cost and 
time savings. In another preferred embodiment, said immobilization of said at least 
one amplification primer on said solid support is preferably performed in a liquid 
microarray format, said liquid microarray format being defined as a set of said micro- 
and/or nanoparticles, said set of micro- and/or nanoparticles being composed of at 
least two, more preferably 5-20, and even more preferably 10-100 homogeneous 
subsets of micro- and/or nanoparticles, each individual homogeneous subset of micro- 
and/or nanoparticles carrying an individual type of said immobilized at least one 
amplification primer(s), and said individual homogeneous subsets of micro- and/or 
nanoparticles being distinguishable from each other by physical properties such as 
size, shape, specific density, light scattering, colour, fluorescence properties or other 
characteristics. It is easily, appreciated that this embodiment allows the parallel 
analysis of many different nucleic acid variants and has the advantage of potential cost 
and time savings. 

In a further embodiment of the present method the polymerizing agent is an enzyme. 
The synthesis of primer extension products can be accomplished, for instance, by 
E.coli DNA polymerase I, Klenow polymerase, phage T4 DNA polymerase, or other 
DNA polymerases. A preferred enzyme is a thermostable DNA polymerase. It is 
particularly desirable to use a thermostable DNA polymerase which, lacks 5'- to 3'- 
exonuclease activity, e.g., a truncated form of T. aquaticus DNA polymerase (Lawyer 
et al., J Biol Chem 1989, 264:6427-6437; Lawyer et al, PCR Method Appl 1993, 
2:275-287). By using such an enzyme the diagnostic primers are not subject to 
exonuclease degradation from the tag-carrying 5 '-terminal end of the diagnostic 
primer during the amplification reaction. 

In another embodiment of the present invention the target nucleic acid sequences 
comprise preferably genomic DNA. Additionally, target nucleic acid sequences may 
comprise cDNA, single stranded DNA, double stranded DNA, plasmid DNA, mixtures 
of DNA with other molecules. Furthermore, target nucleic acid sequences may be 
comprised of RNA. When RNA is the starting material for the analysis, a reverse 
transcription reaction and an amplification reaction may be performed in the same 
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reaction! The origin of the target nucleic acid sequences is preferably human, but it 
may also originate from other organisms, such as other mammals, vertebrates, 
invertebrates, fungi, yeast, bacteria, viruses, and plants. The target nucleic acid 
sequences may be obtained and extracted preferably from blood. It may further be 
obtained from other accessible tissue material and body fluids such as tissue biopsies, 
tumor material, skin, hair, sperm, saliva, cord blood, cerebrospinal fluid, and amniotic 
fluid.. Yet another source of target nucleic acid sequences may be from cell culture 
material. Extraction may be performed by a number of techniques known to those of 
ordinary skill in the art (see Sambrook and Russell, Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York, 2000). 

In a further preferred embodiment of the invention the monitoring of the specific 
properties of the amplification reaction products may be determined by a number of 
different techniques. For instance, chromatographic techniques such as HPLC, FPLC, 
capillary electrophoresis, or gel electrophoresis may be employed. Mass spectroscopic 
or electrochemical techniques may also be used. The monitoring can be performed 
during (i.e., real time analysis) or after the completion of the PCR-amplification (i.e., 
end point analysis). Depending on the nature of the tag attached to the diagnostic 
primers, and/or the 5'-tail specific probe the invention allows the use of fluorimetric, 
chromatographic, or physical detection systems to measure the degree of extension of 
the diagnostic or chimeric diagnostic primers. In the preferred embodiment,, 
fluorimetric analysis is desired for the monitoring of the amplification reaction 
products. The monitoring can be based on fluorescence polarization analysis, 
fluorescence anisotropy analysis, fluorescence intensity analysis, fluorescence 
intensity distribution analysis, fluorescence lifetime analysis, fluorescence dichroism 
analysis, fluorescence resonance energy transfer analysis, spectroscopic analysis of 
excitation and/or emission spectra, or, preferably, fluorescence correlation 
spectroscopy (FCS). It may also be based on combinations of these fluorescence based 
techniques. Furthermore, fluorimetric analysis may be carried out in a confocal 
fluorescence system. For multiplex analysis of a homogeneous amplification reaction, 
fluorescent tags with distinguishable optical parameters such as excitation spectra, 
emission spectra, fluorescence life-time, polarization, quantum yields, photostability, 
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or triplett number of fluorochromes are used. In the case of size or mass tags, 
spectroscopy is a preferred detection system. It may also be preferred to use said tags 
in combination. 

In one embodiment of the invention, monitoring the degree of extension of a 
diagnostic or chimeric diagnostic primer comprises the qualitative detection of variant 
nucleotides contained within a sample of target nucleic acid sequences. According to 
this embodiment, an extended diagnostic or chimeric diagnostic primer is indicative 
for the presence of a variant nucleotide, and a non-extended diagnostic or chimeric 
diagnostic primer is indicative for the absence of a variant nucleotide. 

In another embodiment of the invention, monitoring the amounts of extended 
diagnostic or chimeric diagnostic primers comprises the quantification of target 
nucleic acid sequences. This feature is particularly useful for genotyping samples of 
target nucleic acid sequences. According to this embodiment quantification may, for 
instance, be achieved by (i) calculating the ratio of the values of individually recorded 
signals (signal A/ signal B), or (ii) by subtracting the value of signal B from the value 
of signal A (signal A - signal B), or (iii) by dividing the value of the remainder of 
signal A after subtraction of signal B by the value of the sum of signal A and signal B 
((signal A - signal B) / (signal A + signal B)). 

According to one embodiment of the present invention, the method may be used for 
detecting the presence or absence of one or more variant nucleotides associated with 
an inherited or acquired condition or disease. 

Additionally, according to another embodiment of the present invention, the 
method may be employed for the diagnostic screening of many samples of target 
nucleic acid sequences for inherited or acquired conditions or diseases. The method 
further allows for the screening for the presence or absence of one or more variant 
nucleotides that may be indicative for a predispositon of acquiring a certain condition 
or disease. 

In another embodiment, the method of the present invention enables the analysis of the 
cytosine methylation status in chemically pretreated genomic DNA. Methylation of a 
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cytosine located 5* to a guanosine is known to effect the expression of several 
eukaryotic genes (Bird, Cell 1992, 70: 5-8). In normal cells, methylation occurs 
predominantly in CG-poor regions, while CG-rich areas, called "CpG islands," remain 
unmethylated. The exception is extensive methylation of CpG islands associated with 
epigenetic phenomena such as the transcriptional inactivation of regulatory regions of 
imprinted genes, i.e. genomic imprinting (Li et al., Nature 1993,. 366: 362-365) and 
with the complete inactivation of entire genes on the X-chromosome of females 
(Pfeifer et al., Science 1989, 246: 810-813). Aberrant methylation of normally 
unmethylated CpG islands has been described as a relatively frequent event in 
immortalized and transformed cells (Antequera et al., Cell 1990, 62: 503-514) and has 
been associated with transcriptional inactivation of defined tumor suppressor genes in 
human cancers (Herman et al., Proc Natl Acad Sci USA 1996, 93: 9821-9826). 
Sensitive detection of CpG island methylation has the potential to define tumor 
suppressor gene function and provides a new strategy for early tumor detection. 
Besides the occurrence in many common human cancers, epigenetic changes have 
been found in a series of other common diseases. Therefore, an altered pattern of 
methylation may reflect the development of certain human diseases, or may indicate 
the predisposition to develop such diseases. Thus a specific epigenetic fingerprint may 
be an early warning diagnosis of many human diseases and disorders. 
Methylation-specific PCR (Herman et al, Proc Natl Acad Sci USA 1996, 93: 9821- 
9826) entails initial modification of DNA by sodium bisulfite which converts 
unmethylated cytosine to uracil, whereas methylated cytosine remains unaffected 
(Wang et al., Nucleic Acids Res 1980, 8:4777-4790). Consequently, a methylated DNA 
sequence will differ from an identical but unmethylated DNA sequence after bisulfite 
treatment. Patent application WO 02/04686 describes one example of use of the 
modification of DNA with a bisulfite salt to analyze the methylation status of cytosine 
bases. 

Hence, the method of the present invention enables assaying the methylation status of 
DNA, the determination of a specific epigenetic fingerprint of a given nucleic acid 
sequence, by designing different types of semi-nested diagnostic primers according to 
the present invention to specifically address each of those sequences; for example, a 
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semi-nested diagnostic primer to amplify unmethylated, bisulfite treated DNA will 
have one or more G residues replaced by an A residue (to be complementary to uracil 
nucleotides that were previously unmethylated cytosine), and one or more C residues 
replaced by a T residue, respectively, relative to the corresponding semi-nested 
diagnostic primer to amplify methylated or untreated (wild type) DNA. 

According to the method of the present invention, semi-nested diagnostic or chimeric 
diagnostic primers are preferably specific for bisulfite-treated methylated, bisulfite- 
treated unmethylated, and nonbisulfite-treated (wild type) nucleic acids, respectively, 
and may be used either in separate reaction vessels or in variable combinations in a 
single reaction vessel. 

Prior to the PCR amplification reaction, a sample containing purified nucleic acids is 
contacted with an amount of bisulfite sufficient to convert unmethylated cytosines to 
uracil. Upon conducting the amplification reaction in the presence of primer sets 
specific for preselected target sequences, the methylation status of the nucleic acids in 
the sample can be deduced from the monitoring of extended and amplified semi-nested 
diagnostic or chimeric diagnostic primers. 

In a further embodiment of the present invention, the method may be used for 
quantifying target nucleic acid sequences, in particular for genotyping target nucleic 
acid sequences. The method may also be useful for the determination of the 
concentration of DNA or RNA, mRNA, or viral DNA or RNA in a sample. The use of 
the method for quantification purposes may be preferably desirable for the 
determination of the copy-number of target nucleic acid sequences, in particular in 
samples derived from tumor tissue. In the practice of the invention, in order to increase 
the quantification range of the method, a sample of target nucleic acid sequences may 
be mixed with a defined amount of engineered internal standard nucleic acids. All of 
the present nucleic acid sequences are then co-amplified by a polymerase-chain- 
reaction (PCR) . or reverse transcription / polymerase-chain-reaction (RT-PCR) using 
identical pairs of amplification primers but target- and internal standard-specific 
diagnostic or chimeric diagnostic primers. The different types of diagnostic or 
chimeric diagnostic primers and/or. labeling primers and/or hybridization probes 
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within the reaction are distinguished by their tags. The amounts of both types of 
amplification products are determined by e.g. fluorescence or chromatographic read 
out. When the amplification kinetic enters the plateau phase the enzymatic 
amplification efficiency of both targets is reduced. The comparison of the internal 
standard-specific signal with and without target nucleic acid sequences reflects the 
amplification efficiency of the total system. A correlation of the amount of amplified 
products and total amplification efficiency allows for an extension of the 
quantification range. 

In a second aspect, the present invention provides a kit for detecting the presence or 
absence of variant nucleotides within a sample of target nucleic acid sequences, said 
kit comprising: nucleoside triphosphates or functional derivatives thereof, a 
polymerizing agent, at least one pair of target-specific amplification primers capable of 
hybridizing to a target nucleic acid sequence, at least one set of diagnostic primers, 
each set consisting of at least two types of diagnostic primers capable of variable 
allele-specific hybridizing to a corresponding target nucleic acid sequence internal to 
said amplification primers, such that each set of diagnostic primers is semi-nested 
relative to the corresponding pair of amplification primers, the at least two types of 
diagnostic primers of a set of diagnostic primers being characterized by having 
substantially similar nucleotide sequences except for at least one internally located 
nucleotide, which is different for each type of diagnostic primer and complementary to 
the variant nucleotide, whereby an extended diagnostic primer is being synthesized 
when said internally located nucleotide of the diagnostic primer is complementary to 
the corresponding nucleotide in the target nucleic acid sequence, and each type of 
diagnostic primer further being characterized by carrying a different and 
distinguishable tag. 

In a preferred embodiment, the diagnostic primers of said kit are chimeric diagnostic 
primers. Optionally, said kit may comprise S'-tail specific probes. Furthermore, said kit 
may comprise universal 5-tail-specific labeling primers and/or universal 5-tail 
specific hybridization probes. It may be desirable to include internal standard nucleic 
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acid sequences in the kit. Such internal standards are engineered nucleic acid 
sequences being substantially identical to an amplified target nucleic acid sequence. In 
order to ensure comparable enzymatic amplification properties of target nucleic acid 
sequence and corresponding internal standard nucleic acid sequence, the altered 
sequence region should be as small as possible, e.g. 1 to 50 nucleotides, preferably 1 to 
20, most preferably 1 to 4 nucleotides. In case of longer stretches of altered sequence, 
the sequence should be scrambled. This means that the nucleic acid sequence is altered 
in such a way that the overall nucleotide composition . (G,C,A,T-content) remains 
substantially unchanged. In case of DNA target nucleic acid sequences, a DNA 
internal standard is preferred, in case of RNA target nucleic acid sequences, an RNA 
internal standard is preferred. 

The kit of the present invention can be used for detecting the presence or absence of 
one or more variant nucleotides associated with an inherited or acquired condition or 
disease, for genotyping, for quantification of target nucleic acid sequences, and for 
assaying the methylation status, preferably the status of cytosine methylation of target 
nucleic acid sequences. 

The above and other features and advantages of the invention will be apparent from 
the following description of figures and examples which are illustrative only and 
not intended to limit the remainder of the disclosure in any way. 

The method of the present invention is illustrated by means of the example analysis of 
the SNP at position 655 (A^G) within the human MLH1 (mutL homolog 1) gene 
(Papadopoulos et al", Science 1994, 263:1625-1629). The presence of the A to G 
transition in the genomic DNA causes the replacement of isoleucine at position 219 by 
valine (12 19V) in the corresponding protein. The hMLHl protein functions as a 
mismatch repair protein and helps to maintain the fidelity of DNA during replication. 
Germline mutations in mismatch repair genes such as the A^G transition within the 
hMLHl gene account for the inherited familial cancer syndrome of hereditary non- 
polyposis colorectal cancer (HNPCC), in which affected individuals show accelerated 
development of cancers of the proximal colon, endometrium, and stomach (Liu et al., 
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Nat Genet 1995, 9:48-55; Tannergard et aL, Cancer Res 1995, 55:6092-6096; Liu et 
d.,NatMed 1996, 2:169-174). 

Examples 

The specificity, reproducibility, precision, and robustness of the inventive method are 
demonstrated by the analysis of the SNP at position 655 (A^G) within the human 
MLH1 (mutL homolog 1) gene (Papadopoulos et al., Science 1994, 263:1625-1629). 

Experimental Methods : 

(1) Blood samples and DNA preparation : EDTA blood samples were received from 
a blood bank and stored at -20°C. Genomic DNA was recovered from whole blood 
using the QIAamp DNA Blood Mini Kit (QIAGEN, Hilden, Germany) according to 
the manufacturer's instructions. DNA was quantified by measuring the absorbance at 
260 nm and purity of nucleic acids was monitored by controlling the 260 nm / 280 nm 
absorbance ratios. 

(2) Primer design : All primers disclosed in the present invention were designed 
using Primer Premier Software, Version 5.00 (Premier Biosoft International, Palo 
Alto, CA, USA). Default settings in the program were used for reaction conditions, 
and the following parameters were set for primer selection: primer length = 20 +/- 5 
bp; primer melting temperature (Tm) range = 47° - 62°C, primer GC-content = 40-65 
%. Additional parameters were set when necessary to optimize primer selection, in 
particular for the selection of diagnostic or chimeric diagnostic primers. Allele-specific 
diagnostic or chimeric diagnostic primers were positioned at the polymorphic site. The 
sequences of the selected primers are as follows: 

forward amplification primer (F): 5 '-CTGATGTTAGGACACTACCCAATG-3 '; 
reverse amplification primer (R): 5 '-AGAAGGAGC ATTGGAGGATAA-3 ' ; 
wildtype-specific diagnostic primer (Dl): 5'- GCTCCATCTTT-3'; 
mutant-specific diagnostic primer (D2): 5'- GCTCCGTCTTT-3 ', 
wildtype-specific chimeric diagnostic primer (CD1): 
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5 '-A GGTCA CTCGCA CA rGTCGCTCC ATCTTTGG-3 ' ; 
mutant-specific chimeric diagnostic primer (CD2): 
5'-AGGTAACCACGCTCMTGCGCTCCGJCTTTG -3'; 
5'-tail specific labeling primer for CD1 (LI): 
5'-AGGTCACTCGCACAGATG-3'; 

5'-tail specific labeling primer for CD2 (L2): 5' -AGGTAACCACGCTCAATG-3' . 
All primers were synthesized by ThermoHybaid (Interactiva Division,Ulm, Germany). 
Wildtype-specific diagnostic primer Dl and 5'-tail specific labeling primer LI were 5'- 
tagged with TAMRA by standard phosphoramidite chemistry. Mutant-specific 
diagnostic primer D2 and 5-tail specific labeling primer L2 were linked to N- 
hyckoxysuccinimide-activated EVOblue-50 (EVOTEC OAI, Hamburg, Germany) via 
a C6-linker at the 5' -terminus. 

(3) Assay conditions for genotyping by the method of invention : All PCR reactions 
were carried out in a final volume of 50 ul using the GeneAmp PCR System 9700 (PE 
Applied Biosystems, Weiterstadt, Germany). DNA samples were amplified in 
duplicates and analyzed by FCS directly after cycling without any purification steps. 
The reactions consisted of lx amplification buffer [20 mM Tris-HCl, pH 8.9, 10 mM 
KC1, 10 mM (NH4) 2 S04 5 100 ng/ml BSA, 0.05% Tween-20] , 3 mM MgCl 2 , 0.2 mM 
of each dNTP, 1 U Q-BioTaq (Q-BIOgene, Heidelberg, Germany) and 10 ng genomic 
DNA. Concentrations of the amplification primers were, either 300 nM or 100 nM, 
concentrations of the diagnostic primers and chimeric diagnostic primers were 10 nM, 
and the concentration of the 5-tail specific labeling primers were 5 nM. The following 
profile was used for thermal cycling of all reactions using labeled diagnostic primers 
Dl and D2: initial 3 min denaturation at 94°C, followed by 12 cycles consisting of 
denaturation at 94°C for 40 sec, annealing at 58°C (- 0.5°C / cycle) for 30 sec (+ 1 sec 
/ cycle) and elongation at 72°C for 45 sec, followed by 35 cycles consisting of 
denaturation at 94°C for 40 sec, annealing at 46°C for 40 sec and elongation at 72°C 
for 45 sec. Samples were maintained at 72°C for 5 min before holding at 4°C prior to 
analysis. 

The following profile was used for thermal cycling of all reactions using chimeric 
diagnostic primers CD1 and CD2 in conjunction with 5'-tail specific labeling primers 
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LI and L2: initial 3 min denaturation at 94°C, followed by 45 cycles consisting of . . 
denaturation at 94°C for 20 sec, annealing at 55°C for 40 sec and elongation at 72°C 
for 45 sec. Samples were maintained at 72°C for 5 min before holding at 4°C prior to 
analysis. 

(4) Assay conditions for PCR allele-specific restriction analysis (PCR-ASRA): For 
hMLHl genotyping, a PCR reaction was performed in a final volume of 50 ul 
consisting of: lx amplification buffer [20 mM Tris-HCl, pH 8.9, 10 mM KC1, 10 mM 
(NH4)2S04, 100 ug/ml BSA, 0.05% Tween-2Q], 2 mM MgCl 2 , 0.2 mM of each 
dNTP, 300 nM sense primer (5'- GTTTGCTGGTGGAGATAAGG-3 '), 300 nM 
antisense primer 

(5 '-ATAGGTTATCGACATACCGACTAACAGCATTTCCATCGA-3 '), 1 U. Q- 
BioTaq and 100 ng genomic DNA of homozygous wildtype (wt/wt), heterozgous 
(wt/mut), or homozygous mutant (mut/mut) allelic state, respectively. PCR 
amplification was achieved using the following cycling conditions: initial denaturation 
for 2 min at 94°C followed by 40 cycles consisting of 94°C for 30 sec, 56°C for 30 
sec, and 72°C for 40 sec. Finally, an elongation step at 72°C for 5 min was performed. 
The nucleotide sequence of the antisense primer was designed such that the amplified 
191 bp PCR product contained a Clal restriction site (AT/CGAT) when amplification 
was performed from a wt DNA, but did not contain a Clal restriction site when 
amplification was performed from a mutant DNA. 

15 ul of each amplification reaction were digested with 10 U Clal I (New England 
Biolabs GmbH, Frankfurt, Germany) at 37°C for 2 hours in a final volume of 30 ul. 15 
ul of digested samples and 5 ul of undigested PCR products were analyzed in parallel 
by electrophoresis in a 3 % TAE-agarose gel stained with ethidium bromide. A 100-bp 
DNA ladder (Life Technologies, Karlsruhe, Germany) was used as size marker. 

(5) Data acquisition and analysis : After thermal cycling, 5 ul of each PCR reaction 
mix were analyzed by agarose-gel electrophoresis to monitor successful PCR 
amplification. 40 ul of each PCR reaction mix were transferred to 96-well microplates 
(UniView, Whatman via Merck Eurolab, Bochum, Germany) without any post-PCR- 
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modification. FCS measurements were performed on a modified confocal microscope 
equipped with helium-neon lasers and filter sets for excitation at 543 nm and 633 nm). 
Each PCR reaction mix was measured 3 times, 3 seconds each, at both 543 nm and 
633 nm. Alternatively, each PCR reaction mix was measured once for 3 seconds at 
both 543 nm and 633 nm. From the photon count signal, the autocorrelation curve was 
automatically calculated and evaluated with the autocorrelation function G(t) using a 
two-component model corresponding to free and extended primer (Schwille et al., 
BiophysJ\991, 72:1878-1886): 
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where T is the average fraction of dye molecules in the triplet state' with relaxation 
time t; N is the total average number of fluorescent molecules in the observation 
volume; Y is the relative fraction of extended primer; x &ee and T poly define the average 
diffusion times for free primers and extended primers (i.e., the PCR product), 
respectively, through the confocal observation volume. The parameter S = Vzo 
describes the ratio of the radius to the length of the detection area, where r 0 and zo are 
lateral and axial radii defining the football-like confocal observation volume (i.e., the 
distances between the coordinate where the Gaussian distribution of the emission light 
reaches its maximum value and the point where the light intensity decreases to 1/e of 
this maximum value). FCS data evaluation was performed automatically by analysis 
software and provided, among other fluorescence parameters, translational diffusion 
times and relative fractions of fluorescent primers and PCR products. Mean values for 
the relative fraction of PCR product were calculated from two or six measurements 
(resulting from duplicate PCR reactions, each measured once or three times, 
respectively). This was done separately for measurements obtained at 543 nm or 633 
nm. Finally,- the value ((signal A - signal B) / (signal A + signal B)) was calculated 
from the corresponding means of each (duplicate) probe. 



WO 03/066897 



28 



PCT/EP03/01276 



Results and Analysis : 

The applicability of the method of the invention for detennining the presence or 
absence of variant nucleotides was examined by comparing it with an established 
method for genotyping. A sample of genomic target nucleic acid sequences with 
known allelic constitutions at the A$ 55 G polymorphic site (i.e. the variant nucleotide) 
. of the hMLHl gene (wt/wt: A/A; wt/mut: A/G; mut/mut: G/G) was examined in 
parallel by (1) conventional PCR amplification and subsequent allele-specific 
restriction analysis (PCR-ASRA) and by (2) the method of invention. For PCR-ASRA, 
a 191 bp region containing the A^G polymorphism of the hMLHl gene was 
amplified from the target nucleic acid sequences and was subsequently digested with 
C/<z/(Figure3A,B). 

By introduction of an incomplete Clal restriction site at the 3 '-end of the antisense 
amplification primer, the amplification product obtained from wildtype target nucleic 
acid sequences was cut into a 38 bp and a 153 bp fragment, while in the case of mutant 
target nucleic acid sequences, the amplification product remained undigested. 
Clal digestion of the amplification product obtained from heterozygous target nucleic 
acid sequences yielded three DNA fragments of 38 bp, 153 bp and 191 bp. 
For genotyping by the method of the present invention, the same samples of genomic 
target nucleic acid sequences and a negative control (containing no target nucleic acid 
sequences) were amplified in duplicates. After thermal cycling, the reaction mixes 
were analyzed without any post-PCR processing, physical separation, or dilution steps 
by fluorescence correlation spectroscopy (Figure 3C). All samples were measured 3 
times, for 3 seconds each, at 543 nm and 633 nm.The volume of the detection field at 
543 nm and 633 nm was determined by measuring 5 nM TAMRA and 5 nM 
EVOblue™50, respectively. The translational diffusion time of the free diagnostic 
primers, t^, defined from the negative control reaction was 0.110 ms at 543 nm and 
0.103 ms at 633 nm. The translational diffusion time, of the 327 bp fluorescent 
amplification product, T po i y , was automatically evaluated by curve fitting of the 
autocorrelation data of heterozygous (wt/mut) samples with fixed values for S and 
and yielded 0.795 ms at 543 nm and 0.911 ms at 633 nm. Because the translational 
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diffusion times of non-extended primers and amplified products were clearly 
distinguishable at both 543 nm and 633 nm, the fractions of the amplified products 
were automatically quantified by fitting all autocorrelation curves with fixed values of 
S, and tpoiy. Means of the relative fractions of fluorescent amplification product 
were calculated for each genotype. 

The reactions containing hMLHl wildtype target nucleic acid sequences produced 
54.35 % amplification product at 543 nm, but only 1.85 % amplification product at 
633 nm. Heterozygous target nucleic acid sequences for the hMLHl A655G 
polymorphism yielded significant amplification product fractions at both wavelengths, 
41.55 % at 543 nm and 59.60 % at 633 nm. Target nucleic acid sequences containing 
only the mutant hMLHl allele had amplification product values of only 0.55 % at 543 
nm, but 66.35 % at 633. nm. The control reactions which contained no target nucleic 
acid sequences had only very low background amplification product fractions at both 
wavelengths: 1.80 ± 0.11 % at 543 nm and % at 633 nm. In all cases, amplification 
product values indicating allele-specific primer extension were at least 15-fold higher 
than the corresponding background noise at the respective wavelength. By calculation 
of me ((543 nm - 633 nm)/(543 nm + 633 nm)) values from the amplification product 
values from each sample, representative values for each genotype (Figure 3D) were 
obtained. Overall, the genotyping results obtained by the method of the invention were 
identical to the results obtained by the PCR-ASRA genotyping procedure. 
To further evaluate the specificity, reproducibility and precision of the method of 
invention, 18 samples of target nucleic acid sequences, (six samples for each 
genotype) were analyzed in duplicates by two different experimentators on three 
subsequent days. The total test set comprised 216 individual reactions, each individual 
sample of target nucleic acid sequences was genotyped 12 times, and each of the three 
different hMLHl genotypes was examined in 72 independent experiments. All of the 
reactions resulted in correct genotype determination. These results underline the very 
high reproducibility (100 %) of genotyping by the method of the present invention. 
Figure 4B lists the mean ((543 nm - 633 nm)/(543 nm + 633 nm)) values ± SD for 
each genotype. With 99.99 % confidence, the values for hMLHl wildtype, 
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heterozygous and mutant samples range from 0.93 to 0.97, 0.01 to -0.13 and -0.91 to - 
0.99, respectively. 

When the values for fluorescent amplification products were calculated from single 
FCS measurements per sample (lx 3sec at 543 nm and 633 nm), the genotypes were 
discriminated with the same performance (Figure 4 C). * 

These data show that although the assays were carried out on different days, by 
different experimentators, and with different samples of target nucleic acid sequences 
for a given genotype, the obtained results were highly reproducible and precise. 
Furthermore, the specificity of the method of invention was examined by analyzing 9 
genomic samples of target nucleic acid sequences, 3 samples for each hMLHl 
genotype, in duplicates in the presence of a ~250-fold molar excess of genomic DNA 
from Saccharomyces cerevisiae (Figure 5). The genotyping results were correct in all 
cases and yielded values practically identical to those obtained from control reactions 
without S. cerevisiae DNA. The data demonstrated that the method of the present 
invention is highly specific and provides unambiguous results even in the presence of 
a high background of contaminating DNA. 

In another set of experiments, the robustness of genotyping by the method of the 
present invention upon addition of varying amounts of target nucleic acid sequences 
was examined. Three samples for each hMLHl genotype were analyzed by the method 
of instant invention. The amount of target nucleic acid sequences varied from 5 to 15 
ng per assay. As shown in Figure 6, changing the total amount of target nucleic acid 
sequences by ± 50 % did not have significant effects on the genotyping performance. 
Using the method of the present invention for genotyping with chimeric diagnostic 
primers and 5-tail specific labeling primers, duplicate samples of genomic DNA for 
each hMLHl genotype and a negative control (containing no DNA) were assayed in 
the presence of a set of chimeric diagnostic primers (CD1 and CD2) and the 
corresponding fluorescence-tagged, 5-tail specific labeling primers (LI and L2). In 
addition to the "no-DNA" negative controls, duplicate samples of genomic DNA 
heterozygous for the hMLHl genotype (wt/mut) and samples containing no chimeric 
diagnostic primers in the presence of fluorescence-tagged, 5'-tail specific labeling 
primers (LI and L2) were amplified. 
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After thermal cycling, the reaction mixes were analyzed by fluorescence correlation 
spectroscopy and, additionally, by agarose gel electrophoresis (Figure 8). For FCS 
analysis, all samples were measured 3 times, for 3 seconds each, at 543 nm and 633 
mn. Means of the relative fractions of fluorescent amplification product were 
calculated for each genotype (Figure 8A). The reactions containing hMLHl wildtype 
target nucleic acid sequences produced 64.35 % fluorescent amplification product at 
543 nm, but only 1.75 at 633 nm. Heterozygous target nucleic acid sequences for the 
hMLHl A655G polymorphism yielded significant fluorescent amplification product 
fractions at both wavelengths, 58.30 % at 543 nm and 53.30 % at 633 nm. Target 
nucleic acid sequences conta inin g only the mutant hMLHl allele had fluorescent 
amplification product values of only 5.05 % at 543 nm, but 71.20 % at 633 nm. The 
control reactions that contained no target nucleic acid sequences had very low 
fractions of fluorescent amplification product at both wavelengths (below 4 %), 
irrespective of being carried out with or without chimeric diagnostic primers. The 
control reactions that contained genomic DNA heterozygous for the hMLHl genotype 
(wt/mut) but no chimeric diagnostic primers were amplified to the same extend than 
the other DNA-containing reactions (Figure 8B), but showed very low fractions of 
fluorescent amplification product at both wavelengths, comparable to the "no-DNA" 
negative controls. By calculation of the ((543 nm - 633 nm)/ (543 nm + 633 nm)) 
values from the amplification product values of each sample, representative values for 
each genotype (Figure 8C) were obtained. 

The data demonstrate that the preferred embodiment of the method as described in the 
present invention, using chimeric diagnostic primers and fluorescence-tagged 5-tail 
specific labeling primers provides highly specific genotyping results. 

Description of Figures : 

Figure 1 illustrates one embodiment of the principle of the method described in the 
present invention for the analysis of variant nucleic acid sequences using fluorescence- 
labeled diagnostic primers. The gene specific amplification primers (F, R) amplify 
wildtype as well as mutant alleles with equal efficiency. Allele-specific diagnostic 
primers (D1,D2) are attached to different and distinguishable fluorescent tags (star and 
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closed circle, respectively) and simultaneously amplify efficiently only the allele with 
the corresponding variant nucleotide. This results in allele-specific accumulation of 
fluorescent amplification products detectable preferably by fluorescence correlation 
spectroscopy. When only allele A is present in the reaction, fluorescent amphfication 
products are generated from primer Dl but not from D2. Likewise, when only allele B 
is present, fluorescent amplification products are generated from primer D2 but not 
from Dl. When both allele A and allele B are present, fluorescent amplification 
products are generated from both primer D 1 and D2. 

Figure 2 illustrates the thermal cycling profile applied for the method as described in 
the present invention. 

Figure 3 illustrates the analysis of the A 655 G polymorphism of the hMLHl gene by 
conventional amplification followed by allele-specific restriction analysis (PCR- 
ASRA) and, in comparison, by the method of the present invention using fluorescence- 
labeled diagnostic primers. A) Schematic illustration of the Clal restriction digestion. 
A 191 bp amplification product from the wildtype allele is cut into a 38 bp and a 153 
bp fragment, while the amplification product obtained from the mutant allele remains 
undigested. B) Analysis of Clal restriction by agarose gel electrophoresis. Outer 
Lanes: 100 bp DNA ladder. Lanes containing PCR products obtained from genomic 
DNA representing the homozygous wildtype genotype (wt/wt), the heterozygous 
genotype (wt/mut), or the homozygous mutant genotype (mut/mut) for the hMLHl 
A655G polymorphism, respectively, before (-) and after (+) Clal digestion are 
indicated. Lane "n.c." indicates a PCR negative control (without template, i.e. "no- 
DNA" control). All samples yielded the expected restriction fragment patterns, i.e., 
153 bp and 38 bp for the wildtype, 191 bp, 153 bp and 38 bp for the heterozygous and 
191 bp for the mutant DNA sample, respectively. The 38-bp fragment being hardly 
visible on the gel. C) Depicts the read out of the analysis of the hMLHl A 6 5sG 
polymorphism using fluorescence correlation spectroscopy (FCS). The relative 
amounts of the two fluorescence-labeled diagnostic primers and their extension 
products are determined by the herein presented method. The three hMLHl genotypes 
(wt/wt, wt/mut, mut/mut) and a negative control without template (n.c.) are 
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represented on the x-axis, and the corresponding amount of extension products 
(fluorescence signal in relative units) are shown on the y-axis. The black bars show the 
TAMRA-labeled products (wt) (excited at 543 nm), and the hatched bars show the 
EVOblue 50-labeled products (mut) (excited at 633 . nm) amplified in the same 
reaction. D) For the purpose of more convenient genotyping, the measured 
fluorescence signals for the EVOblue-50 labeled PCR-products were subtracted from 
the the measured fluorescence signals for the TAMRA-labeled PCR-products, and the 
residual was divided by the sum of the measured fluorescence signals of both 
TAMRA- and EVOblue-50 labeled PCR-products ((543 nm - 633 nm)/(543 nm + 633 
nm)). The obtained values allow for unambiguous and highly specific genotyping. 

Figure 4 shows data demonstrating the specificity, reproducibility, and precision of the 
method of the present invention using fluorescence-labeled diagnostic primers. A) Six 
genomic DNA samples for each hMLHl genotype, wt/wt, wt/mut and mut/mut, 
respectively, were analyzed in duplicates on three different days by two different' 
experimentators. The graph shows means +/- SD of relative fractions of fluorescent 
amplification products obtained at 543 nm and at 633 nm for each genotype. B) and C) 
Mean ((543 nm - 633 nm)/(543 nm + 633 nm)) values +/- SD for each hMLHl 
genotype are listed. Data were obtained from n = 72 independent determinations of 
each genotype by repetitive (3x3 sec; (B)) or single (1x3 sec; (C)) FCS 
measurements at 543 nm and 633 nm. 

Figure 5 depicts the specificity of the method of the present invention using 
fluorescence-labeled diagnostic primers in the presence of contaminating template. 
Genotyping was performed in parallel with human genomic DNA and with a mixture 
of human genomic DNA and contaminating S. cerevisiae DNA (10 ng each). This 
represents a 250-fold molar excess of S. cerevisiae DNA over human genomic DNA. 
Three genomic DNA samples for each genotype were tested in duplicates. A) Data 
represent means +/- SD of fluorescent signals for each genotype. B) Corresponding 3 
% TAE-agarose-gel electrophoresis with individual reactions. 
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Figure 6 exemplifies the robustness of the method of the present invention of 
determining the presence or absence of variant nucleotides using fluorescence-labeled 
diagnostic primers. The amount of target nucleic acid sequences in the assay was 
varied by +/- 50 % of the standard concentration (10 ng). Three genomic DNA 
samples for each genotype were analyzed in duplicates. Data represent means +/- SD 
of fluorescent signals for each genotype. 

Figure 7 illustrates a preferred embodiment of the method of the present invention 
using chimeric diagnostic primers in conjunction with fluorescence-tagged 5-tail 
specific labeling primers. Gene specific amplification primers (F, R) amplify wildtype 
as well as mutant alleles with equal efficiency. Allele-specific chimeric diagnostic 
primers (CD1, CD2) contain different and distinguishable nucleotide sequence tags, 
i.e. 5-tail sequence portions, and simultaneously amplify efficiently only the allele 
with the corresponding variant nucleotide. This results in allele-specific accumulation 
of amplification products containing different and distinguishable 5 ! -tail sequence 
portions at one end. Upon further cycles of amplification, said 5'-tail sequence portions 
constitute priming sites for the fluorescence-tagged 5 f -tail specific labeling primers 
(LI, L2), resulting in allele-specific accumulation of detectable fluorescent 
amplification products, preferably detectable by fluorescence correlation spectroscopy. 

Figure 8 illustrates the analysis of the A 655 G polymorphism of the hMLHl gene by a 
preferred embodiment of the method of the present invention using chimeric 
diagnostic primers CD1 and CD2, and fluorescence-tagged 5-tail specific labeling 
primers LI and L2. A) Duplicate genomic DNA samples for the three hMLHl 
genotypes (wt/wt; wt/mut; mut/mut) and negative controls (n.c.) were analyzed in the 
presence (+) or absence (-) of chimeric diagnostic primers (CD1, CD2). The graph 
shows means +/- SD of relative fractions of fluorescent amplification products 
obtained at 543 nm (black bars) and 633 nm (hatched bars) for each genotype. B) 
Corresponding agarose gel electrophoresis of amplified reaction mixes. C) Mean (543 
nm - 633 nm)/ (543 nm + 633 nm)-values +/- SD for each hMLHl genotype are listed. 
Data were obtained from 18 individual (543 nm - 633 nm)/(543 nm + 633 nm)-values 
generated for each genotype by using all possible combinations of relative fractions of 
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fluorescent amplification products obtained from, single measurements at both 
wavelengths (3 measurements/ sample at 543 nm x 3 measurements/ sample at 633 nm 
= 9 values/ sample =18 values/ genotype). 

Figure 9 depicts a preferred embodiment of the method of the present invention when 
applied in a non-homogeneous format. - Step 1- upper panel: Assay setup; one primer 
of a pair of amplification primers (F, R) is immobilized on a solid surface, whereas the 
other amplification primer of said pair of amplification primers, the corresponding pair 
of nested diagnostic primers (Dl, D2) and the nucleic acid template to be analyzed are 
in the liquid phase. - Step 2 - middle panel; Different types of free and immobilized 
primers and extended products after amplification. - Step 3 - lower panel: Different 
types of immobilized amplification products after subsequent stringent washing 
procedure. 
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Claims 

1. A method of detecting the presence or absence of variant nucleotides within 
target nucleic acid sequences, said method comprising the following steps: 
(i) setting up a reaction mix comprising: 

• nucleoside triphosphates, or functional derivatives thereof 

• a polymerizing agent 

• at least one pair of target-specific amplification primers capable of 
hybridization to target nucleic acid sequences 

• at least one set of diagnostic primers, each set consisting of at least 
two types of diagnostic primers capable of variable allele-specific 
hybridization to corresponding target nucleic acid sequences 3- 
relative to said amplification primers, such that each set of diagnostic 
primers is semi-nested relative to the corresponding pair of 
amplification primers, 

the at least two types of diagnostic primers of a set of diagnostic 
primers being characterized by having substantially similar 
nucleotide sequences except for at least one internally located 
nucleotide, which is different for each type of diagnostic primer and 
complementary to the variant nucleotide, whereby an extended 
diagnostic primer is being synthesized if the internally located 
nucleotide of the diagnostic primer is complementary to the 
corresponding nucleotide in the target nucleic acid sequence, and 
. whereby substantially no or a negligible background of extended 
diagnostic primer is being synthesized if said internal nucleotide is 
not complementary to the corresponding nucleotide in the target 
nucleic acid sequence, and each type of diagnostic primer further 
being characterized by carrying a different and distinguishable tag; 
and 

• at least one sample of target nucleic acid sequences 
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(ii) 



performing an amplification reaction under conditions permitting 
hybridization of the amplification primers and variable allele specific 
hybridization of the diagnostic primers, either together or sequentially, 
to the corresponding target nucleic acid sequences, and promoting 
polymerization; and 



(in) 



monitoring specific properties of said types of diagnostic primers during 
or after completion of the amplification reaction, said specific properties 
being indicative for an extension or non-extension of the diagnostic 
primers, thereby detecting the presence or absence of a variant nucleotide 
contained within a target nucleic acid sequence. 



2. The method according to claim 1, wherein the concentration of each diagnostic 
primer is 0.5 to 0,001 times, preferably 0.25 to 0.01 times, most preferably 0.1 
to 0.003 times the concentration of each amplification primer. 

3. The method according to claims 1 and 2, wherein the diagnostic primers 
comprise a sequence of about 5 to 100 nucleotides, preferably 5 to 50 
nucleotides, most preferably 5 to 40 nucleotides in length. 

4. The method according to claims 1 to 3 wherein each diagnostic primer contains 
at least one tag selected from the group consisting of fluorescent dyes, 
chemiluminescent tags, electroluminescent tags, magnetic tags, affinity or 
binding tags, nucleotide sequence tags, position specific tags, and/or tags with 
specific physical properties such as different size, mass, gyration, ionic strength, 
dielectric properties, polarization, or impedance. 

5. The method according to claims 1 to 4 wherein the diagnostic primers contain 
fluorescent dyes, and wherein each type of diagnostic primer is tagged with a 
different fluorescent dye, such that each type of diagnostic primer is 
characterized by different excitation- and/or emission spectra, life-time 
properties, polarization properties, fluorescence : resonance-energy-transfer 
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(FRET) properties, quantum yields, photostability, or triplet number of 
fluorochromes. 

The method according to claims 1 to 5 wherein the tag is permanently or 
temporarily attached to the diagnostic primer, preferably to the 5'- end of the 
diagnostic primer. 

The method according to claims 1 to 5 wherein a diagnostic primer is a 
chimeric diagnostic primer, and wherein each chimeric diagnostic primer 
comprises a different and distinguishable 5 ! -tail permanently attached to the 5'- 
end of the diagnostic primer, and wherein the diagnostic primer portion of the 
chimeric diagnostic primer is complementary to the target nucleotide sequence 
in a variant nucleotide specific manner, and wherein the 5'-tail portion is non- 
complementary to the target nucleotide sequence. 

The method according to claim 7 wherein the presence or absence of each of the 
different and distinguishable 5-tails is detected with a corresponding type of 5 1 - 
tail specific probe. 

9. The method according to claim 8 wherein said 5-tail specific probe is a 5'-tail 
specific labeling primer and/or a 5'-tail specific hybridization probe. 

10. The method according to claims 8 to 9 wherein said 5-tail specific probe 
contains at least one tag selected from the group consisting of fluorescent dyes, 
chemiluminescent tags, electroluminescent tags, magnetic tags, affinity or 
binding tags, nucleotide sequence tags, position specific tags, and/or tags with 
specific physical properties such as different size, mass, gyration, ionic strength, 
dielectric properties, polarization, or impedance. . 

11. The method according to claim 10 wherein said 5'-tail specific probe contains 
fluorescent dyes, and wherein each type of 5'-tail specific probe is tagged with a 
different fluorescent dye, such that each type of 5'-tail specific probe is 
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characterized by different excitation^ and/or emission spectra, life-time 
properties, polarization properties, fluorescence-resonance-energy-transfer 
(FRET) properties, quantum yields, photostability, or triplet number of 
fluorochromes. 

12. The method according to claims 10 and 11 wherein the tag is permanently or 
temporarily attached to the 5'-tail specific probe, preferably to the 5'- end of the 

. 5-tail specific probe. 

13. The method according to claims 1 to 12 wherein the amplification reaction and 
the monitoring of specific properties are performed in a homogeneous format. 

14. The method according to. claims 1 to 13 wherein at least one of the 
amplification primers is immobilized, preferably at its 5'-terminus, to a solid 
support. 

15. The method according to claims 1 to 14 wherein the polymerizing agent is an 
enzyme, preferably a DNA polymerase, preferably, a thermostable DNA 
polymerase, most preferably a thermostable DNA polymerase which lacks 5'- 
to 3 '-exonuclease activity. 

16. The method according to claims 1 to 15 wherein a sample of target nucleic acid 
sequences is selected from a group comprising genomic DNA, cDNA, single 
stranded DNA, double stranded DNA, plasmid DNA, RNA, mixtures of DNA 
with other molecules, DNA or RNA from human sources or other sources such 
as mammals, vertebrates, invertebrates, bacteria, viruses, yeast, fungi, or plants. 

17. The method according to claims 1 to 16 wherein the monitoring of the specific 
properties of said amplification reaction products is determined by 
chromatographic techniques such as HPLC, FPLC, capillary electrophoresis, 
gel electrophoresis, or by mass spectroscopic or electrochemical techniques or, 
preferably by fluorescent techniques such as fluorescent polarization 
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..spectroscopy, fluorescent life-time spectroscopy, fluorescence intensity 
distribution analysis (FDD A), fluorescence dichroism analysis, fluorescence 
intensity analysis, fluorescence resonance energy transfer (FRET) analysis, 
spectroscopic analysis of excitation and/or emission spectra, or, in particular, by 
fluorescence correlation spectroscopy. 

18. The method according to claims 1 to 17 wherein monitoring the degree of 
extension of a diagnostic primer or a chimeric diagnostic primer comprises the 
qualitative detection of variant nucleotides contained within a sample of target 
nucleic acid sequences, insofar as an extended diagnostic primer or chimeric 
diagnostic primer is indicative for the presence of a variant nucleotide and a 
non-extended diagnostic primer or chimeric diagnostic primer is indicative for 
the absence of a variant nucleotide. 

19. The method according to claims 1 to 18 wherein monitoring the amounts of 
extended diagnostic primers or chimeric diagnostic primers comprises the 
quantification of target nucleic acid sequences, in particular the genotyping of 
samples of target nucleic acid sequences, preferably by (i) calculating the ratio 
of the values of individually recorded signals, or (ii) by subtracting the value of 
signal B from the value of signal A, or (iii) by dividing the value of the 
remainder of signal A after subtraction of signal B by the value of the sum of 
signal A and signal B. 

20. Use of the method according to claims 1 to 19 for detecting the presence or 
absence of one or more variant nucleotides in a sample of target nucleic acid 
sequences. 

21 . Use of the method according to claim 20 for diagnostic screening of a sample of 
target nucleic acid sequences for inherited or acquired conditions and diseases, 
and for screening for predispositons to such conditions and diseases. 
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22. Use of the method according to claims 1 to 19 for quantifying target nucleic 
acid sequences, in particular for genotyping target nucleic acid sequences, 
deterrnining the concentration of DNA, or KNA, or mRNA, or viral RNA in a 
sample, or determining the copy-number of target nucleic acid sequences, 
particularly deterrnining the copy-number of target nucleic acid sequences in 
samples derived from tumor tissue. 

23. Use of the method according to claims 1 to 19 for assaying the methylation 
status, preferably the status of cytosine methylation, of target nucleic acid 
sequences. 

24. A kit for detecting the presence or absence of variant nucleotides within a 
sample of target nucleic acid sequences, said kit comprising in packaged 
combination: 

• nucleoside triphosphates or functional derivatives thereof 

• a polymerizing agent 

• at least one pair of target-specific amplification primers capable of 
hybridization to target nucleic acid sequences 

• at least one set of diagnostic primers, each set consisting of at least 
two types of diagnostic primers capable of variable allele-specific 
hybridization to corresponding target nucleic acid sequences 3'- 
relative to said amplification primers, such that each set of diagnostic 
primers, is semi-nested relative to the corresponding pair of 
amplification primers, 

the at least two types of diagnostic primers of a set of diagnostic 
primers being characterized by having substantially similar 
nucleotide sequences except for at least one internally located 
nucleotide, which is different for each type of diagnostic primer and 
complementary to the variant nucleotide, whereby an extended 
diagnostic primer is being synthesized if the internally located 
nucleotide of the diagnostic primer is complementary to the 
. corresponding nucleotide in the target nucleic acid sequence, and 
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whereby substantially .no or a negligible background of extended 
diagnostic primer is being synthesized if said internal nucleotide is 
not complementary to the corresponding nucleotide in the target 
nucleic acid sequence, 

and each type of diagnostic primer further being characterized by 
carrying a different and distinguishable tag. 

25. The kit of claim 24 wherein said diagnostic primer is a chimeric diagnostic 
primer. 

26. The kit of claim 25 further comprising 5'-tail specific probes. 

27. The kit according to claims 24 to 26 comprising at least one sample of internal 
standard nucleic acid sequences. 

28. Use of the kit according to claims 24 to 27 for detecting the presence or absence 
of one or more variant nucleotides associated with an inherited or acquired 
condition or disease, for genotyping, for quantification of target nucleic acid 
sequences, and for assaying the methylation status, preferably the status of 
cytosine methylation of target nucleic acid sequences. 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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